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outside Americas (https://www.cabi.org/isc/datasheet/49260), and is now found in far 78 flung places in Europe [4, 5] , middle East/Asia [6, 7] and Africa [8, 9] . Following its first 79 appearance in Africa at Senegal [10] , this pest has expanded southward and in the recent 80 years and have been reported in East [11] and southern African countries [12] . Africa is 81 a continent of which agricultural sector accounts for more than 60% of total labour force
82
[13] and Nigeria is the largest producer of tomato in the continent
83
(http://www.fao.org/faostat/en/#data/QC). However, following the 2016 T. absoluta 84 invasion (nicknamed 'tomato ebola') more than 80% of the tomato produce was lost in 85 northern Nigeria [14] , leading to purported 125-400% increase in tomato price as 86 reported in the local news. In Kano State alone farmers lost more than 2 billion Nigerian 87 Naira in the 2016 season alone (https://punchng.com/tomato-farmers-in-kano-lose-88 n2bn-to-tuta-absoluta/).
89
As usual farmers responded by increasing the quantities of pesticides they apply 90 (personal communication), often in mixtures of classes having similar mode of actions.
91
At Kadawa farms in Kano farmers were found to be using the following pesticides for Unfortunately, prior to this study little is known of the actual species identity of the leaf 100 miner ravaging northern Nigeria. In addition, information on the nature and mechanism 101 of the pesticide resistance was non-existent. Elsewhere, significant progress has been 
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Materials
127
Chemicals and Reagents 128
The four different insecticides classes used for the bioassays: λ-cyhalothrin (a type II pyrethroid), 129
propoxur (a carbamate), chlorpyrifos-methyl (an organophosphate) and abamectin (an 130 ivermectin), were purchased from SIGMA ALDRICH, UK (Dorset, United Kingdom). The triton X-131 100 and the synergists piperonyl butoxide (PBO) and diethyl maleate (DEM) and triphenyl 132 phosphate (TPP) were all purchased from the SIGMA, UK. For molecular analyses KAPATaq 133 polymerase kit was used (https://www.kapabiosystems.com/). Other chemicals used were to 134 make a LIVAK DNA extraction buffer and are given in the methods section. 
Methods
138
Field collection and Rearing of Insects
140
Tomato leaves infested with T. absoluta larvae and eggs at different stages of 141 development were collected from tomato farms at Kadawa [(11.6457ºN, 8.4479ºE Following morphological identification 16 F0 parents were used for DNA extraction using Tris, 1.6ml of 5M sodium chloride in 10.16ml of 0.5M EDTA. This was then followed by a 168 2.5ml of 20% SDS, and the volume was finally made up to 100ml in a volumetric flask.
169
The buffer solution was then filtered and sterilised. 5ml aliquots were stored at -20ºC 170 which was heated in a water bath and whirled to re-dissolve precipitate before use.
171
Larvae were homogenized individually using a battery-operated mortar and pestle
172
(SIGMA) in 50µl preheated grind buffer in 1.5ml Eppendorf. The pestle was rinsed with a 173 further 50µl of the buffer to a total of 100µl. Homogenate was incubated at 65ºC for water. Tubes were finally incubated at 65ºC for 10min.
181
Identification to species level was carried out by amplifying Cytochrome Oxidase subunit 182 I (COI) gene using polymerase chain reaction [26, 27] . The universal forward and reverse 183 primers: LCO1490 (5´-GGTCAACAAATCATAAAGATATTGG-3 ' and HCO2198 (5´- 
Insecticides Resistance Profile of T. absoluta Populations
264
The leaf-dip bioassay revealed highest resistance towards the type II pyrethroid λ-265 cyhalothrin with average mortality of only 18.52% ± 2.0 after 56hr ( Figure 3A , Table S1 ) 266 and an LD50 of 7461.474ppm ± 1213.793 (Table S1 ), greater than top concentration used for this insecticide. Highest leaf damage (~15% of the leaves destroyed) was also 268 observed with this insecticide ( Figure 3B , and 
278
In contrast with observation with λ-cyhalothrin, approximately 56% mortalities were 279 recorded respectively, for propoxur and chlorpyrifos-respectively ( Figure 3A , Table S1 ).
280
However, the LD50 of propoxur (1023.35ppm ± 218.69) was on average ten times higher 281 than obtained with chlorpyrifos-methyl (106.30ppm ± 13.09) due to the higher 282 mortalities obtained at lower concentrations with the latter.
283
Lowest resistance was obtained with abametin, with average mortality of 85.71% ± 8.1 284 and a very low LD50 of only 0.034ppm ± 0.0036 ( Figure 3A , Table S1 ). Highest foraging 285 inhibition was also observed with this pesticide with only ~7% of the leaves damaged at 286 the end of the experiment ( Figure 3B ). 
Identification of Possible Mechanism of Resistance Using Synergist
295
To establish the possible major enzyme systems responsible for the pyrethroid resistance p<0.0001) with on average a five-fold increase in mortalities from 18.5% in the 300 conventional bioassays to ~90% in synergised assay ( Figure 3C ). The LD50 plummeted 301 down to only 0.92ppm ± 0.15, more than 8000 times lower than obtained in the 302 conventional bioassay (Table S2) . Thus a synergist ratio was calculated for the PBO-λ-303 cyhalothrin as 8154.35.
304 Surprisingly, for all the three synergists tested no major difference in foraging capability 305 was observed between the synergised tests and conventional treatment with λ-306 cyhalothrin ( Figure 3D , Table S2 ).
308
Discussions
309
Tomato is the second most important vegetable crop in the world, next to potato, and
310
Nigeria is its largest producer in Africa (and ranked 14 th largest produder in the world). [18, 20, 35] 
341
The lowest resistance we observed towards abamectin was in keeping with a report from
342
Argentine populations with abamectin exhibiting lowest LD50 in three different 343 populations compared to methamidorphos and deltamethrin [37] . In a recent study [22] 344 resistance to emamectin benzoate (a derivative of abamectin) has also been shown to 345 exist in populations from Ethiopia. 
